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IV!Ci+	`eMC(vb8KLL E !'L ET J EL {V4
 ET ∇ · ET = 0, EL  ∇ × EL = 0. 8N IIV!| ∂ET∂t , i~|mU	[	 ED = EDT + EDL , BD L E V B %/+	%/
‖ E −ED ‖0= O(η3), ‖ B −BD ‖0= O(η2), 4
 η = v̄c , v̄ 0u$Æc G$zhC`l&M ( [1])
(1) EDL = EL = −∇φ, 4
 φ Ll9!V℄IVY3'
{
△φ = −ρε in Ω,
φ |Γi= αi, 0 ≤ i ≤ m,
(1)4













J · ∇χidx, 0 ≤ i ≤ m,
αi(0) = αi0, 0 ≤ i ≤ m.
(2)'q[χi  
{
△χi = 0 in Ω,




1 i = j,
0 i 6= j.
(4)
cij 1  ∫Γj ∂χi∂n ds.  αi0 ,TF EL ℄~7
(2) BD LlY3'
−△BD = µ∇× J, (5)















BD · n |∂Ω= B0 · n, (7)






∇ · EDT = 0, (10)
EDT × n |∂Ω= 0. (11)
∫
Γi
ET · nds = 0, 0 ≤ i ≤ m (12)
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The Darwin model is a very good approximation model for the Maxwell’s equa-
tions when no high frequency or no rapid current change occurs. In 1992, Degond
and Raviart in [1] studied the approximation of the Darwin model to the Maxwell’s
equations in 3-D bounded simply connected domains. They decomposed the elec-
tric field E into the sum of ET and EL, where ET satisfy ∇ · ET = 0, EL satisfy
∇ × EL = 0. The Darwin model is obtained from the Maxwell’s equations by ne-
glecting ∂ET
∂t
. They denoted ED = EDT +E
D
L , B
D for the approximations for the field
E = ET + EL and B in the Darwin model, they found that ‖ E − ED ‖0= O(η3),
‖ B −BD ‖0= O(η2), where η = vc , v is the characteristic velocityc is the light
velocity.
In fact, there are the following result (see [1] ):
(1) EDL = EL = −∇φ, where φ is the solution of the following problem
{
△φ = −ρε in Ω,
φ |Γi= αi, 0 ≤ i ≤ m,
(13)













J · ∇χidx, 0 ≤ i ≤ m,




△χi = 0 in Ω,




1 i = j,
0 i 6= j.
(16)




















(2) BD is the solution of the following problem
−△BD = µ∇× J, (17)
∇ · BD = 0, (18)
BD · n |∂Ω= B0 · n, (19)
(∇× BD) × n |∂Ω= µJ× n. (20)





∇ · EDT = 0, (22)
EDT × n |∂Ω= 0. (23)∫
Γi
ET · nds = 0, 0 ≤ i ≤ m (24)
In 1997, Ciarlet and Zou [2] studied the solutions of the elliptic boundary value
problems in the Darwin model in 3-D bounded simply connected domains. They
established the H(curl; Ω) and H(curl, div; Ω) variational formulations, then used
Nedelec’s and standard finite element methods to solve two kinds of variational
problems respectively, they still proved the finite element convergence. In 2003,
Ying and Li studied the well-posedness of the electric field in the Darwin model in
2-D unbounded domains in [3], and then solved the problem by the infinite element
method, they provided numerical examples as well as convergence analysis. Recently,
Fang and Ying studied the Darwin model in 3-D unbounded domains in [19]. They
derived the variational formulations, proved the well-posedness and provided some
numerical examples.
In this paper, Introduction gives the background of the Maxwell’s equations
and the Darwin model respectively, we introduce the some ideas about the infinite
element method, moreover, we describe the detailed process of the infinite element
method for the Laplace equation. In the next Chapter 2, we study the Darwin
model in 2-D bounded multiply connected domains, we introduce another variable
p, establish the mixed variational formulations, we prove the well-posedness and we
can prove p=0, and then we use P2−P0 finite element to approximate the variational















In Chapter 3, we focus on discussing the magnetic field in the Darwin model in
2-D unbounded domains. We firstly establish the variational formulation, prove the
well-posedness, and then use the infinite element method to solve the problem, we
provide some numerical examples as well as the convergence. Since the solution to
the Darwin model is a solution to the Stokes problems with appropriate boundary
value and inhomogeneous term, so we recall the infinite element method for the
Stokes problem before the magnetic field in the Darwin model. Finally, we describe
some results of the electric field in 2-D unbounded domains.
In Chapter 4, we study the relationship between the Darwin model and the
Maxwell’s equations in 2-D bounded multiplied connected domains and the 2-D
unbounded domains respectively, it is interesting to find that they are equivalent. It
is a big difference from 3-D cases. To that aim, we study the decompositions of the
vector fields respectively, the regularity of the solution of the Maxwell’s equations,
and then we prove the equivalence strictly.
In Chapter 5, we consider the relationship between the Maxwell’s equations
and the Darwin model in 3-D unbounded domains. To that aim, we study a decom-
position of the vector fields first of all, and then we neglect ∂ET
∂t
in the Maxwell’s
equations, combining the decomposition of the vector fields, we find that the ap-
proximation property between the Maxwell’s equations and the Darwin model is the
same as in 3-D bounded simply connected domains.
In Chapter 6, we consider the adaptive finite element method for Darwin model,
and we provide the upper bound estimation based on the posteriori error estimates.
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